Background Psychosis is common in Parkinson's disease-related disorders and is associated with significant morbidity. Pimavanserin is a newly approved treatment for Parkinson's disease psychosis, but real-world experience with pimavanserin has been limited by small sample sizes and limited assessment of longitudinal outcomes. Objective The aim was to summarize the clinical experience with pimavanserin in a large cohort of patients with Parkinson's disease-related psychosis. Methods We conducted a retrospective chart review of patients who were prescribed pimavanserin at Vanderbilt University Medical Center in the southeast United States between May 2016 and July 2018. We used Chi-squared analyses to compare efficacy and tolerability of pimavanserin, considering patient diagnosis, presence of dementia or delusions, use of deep brain stimulation, and prior antipsychotic failure. Additionally, we compared the clinical characteristics of patients who started treatment and those who did not, to evaluate safety outcomes. Results We identified 107 patients prescribed pimavanserin, and 91 began treatment. Clinical improvement in psychosis was documented in 76% of patients (69/91) and did not differ based on diagnosis, presence of dementia, delusions, use of deep brain stimulation, or prior antipsychotic failure. Adverse effects were reported in 20 patients (22%), the most common of which was worsening gait instability (5/91, 5%). Side effects led to cessation of therapy in 11 of the 91 patients (12%). At current follow-up, 50 (65%) of 77 living patients remain on treatment, with a mean treatment duration of 14.6 months. Although most of these patients are on pimavanserin monotherapy (33/50, 66%), 17 patients (34%) are on a dual-antipsychotic regimen. The living patients no longer on treatment stopped pimavanserin primarily because of a lack of perceived benefit (11/77, 14%), side effects (9/77, 12%), or both (1/77, 1%), though six patients (8%) stopped for reasons unrelated to medication effects, including the desire to reduce overall medication burden and negative media reporting on pimavanserin. Conclusions Study results emphasize long-term efficacy and tolerability of pimavanserin for psychosis in Parkinson's diseaserelated disorders, including patients with dementia, delusions, deep brain stimulation use, or prior antipsychotic failure. 
Introduction
Psychosis is a common non-motor symptom of Parkinson's disease (PD), causing substantial morbidity and increased mortality [1] . Psychosis prevalence in PD ranges from 43 to 60% [2] , with even higher rates (75%) in PD patients with dementia [3] . Visual hallucinations are most common, though other hallucinations (e.g., auditory, tactile)
Prescriptions for pimavanserin at VUMC are processed by the Vanderbilt Specialty Pharmacy, allowing identification of those patients where there was an 'intention to treat.' Medical records were reviewed to confirm the provider's intention to start pimavanserin and assess clinical follow-up. Patients who began pimavanserin treatment were included in the main efficacy analysis, while patients where pimavanserin was prescribed but not started were used as a control sample to assess safety.
We recorded pertinent demographic and clinical information. Demographic details included age, race, and gender. Clinical information included diagnosis, use of DBS, presence and severity of dementia, previous antipsychotic treatments, and clinical indication for switching to pimavanserin, including presence of hallucinations or delusions or both. Prescribing data included date of pimavanserin prescription, method of conversion to pimavanserin if a patient was on concomitant antipsychotic treatment, clinician impression of tolerability and efficacy, clinical indication for discontinuation (if applicable), and subsequent adjunctive or alternative antipsychotic use. Efficacy was defined as a clinically significant improvement in psychosis symptoms after taking pimavanserin for at least 6 weeks-the length of time used to evaluate clinical efficacy in clinical trials [13] .
Similar to prior retrospective reviews of dementia in PD and DLB [14, 15] , dementia in our study was defined as modest-to-major cognitive decline in at least one cognitive domain, noted in the medical record, consistent with Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) criteria for a mild or major neurocognitive disorder [16] . Patients with total caregiver dependence due to cognitive dysfunction were classified as having severe dementia, and these patients were further separated from those with mild and moderate dementia for our analysis. Total caregiver dependence included needing assistance for all activities of daily living or being unable to meaningfully contribute to the history during a clinic visit.
Statistical Analysis
We used Chi-squared tests to look for statistically significant differences in baseline characteristics and mortality in the pimavanserin treatment patients versus those who did not start pimavanserin. For patients who did start pimavanserin, we used Chi-squared tests to compare the clinical response in patients with DBS, delusions, dementia, and prior and concurrent use of other antipsychotics. Two-tailed confidence intervals for statistical significance were set at 0.05. IBM SPSS version 24 was used to perform the analyses. and delusions are also encountered. Treatment of PD psychosis presents a challenge: dopaminergic therapies, such as levodopa or dopamine agonists, are commonly used for the treatment of motor symptoms of PD, but can exacerbate psychosis. Inversely, typical antipsychotics prescribed for psychotic symptoms may worsen motor symptoms as a result of dopaminergic antagonism, resulting in substantial morbidity [1] .
Quetiapine, an atypical antipsychotic, is often used for PD psychosis symptoms in clinical practice, but efficacy has not been consistently shown in clinical trials [4] . Clozapine has previously been shown to have adequate efficacy and safety data for PD psychosis [5, 6] , but is infrequently prescribed, because of the risk for agranulocytosis and inconvenient monitoring requirements [1] . Pimavanserin, a selective serotonin 5-HT 2A receptor inverse agonist, was recently approved by the US Food and Drug Administration (FDA) to treat PD psychosis [7] . Pimavanserin has fewer adverse effects than antipsychotics that target dopamine receptors, and this is likely due to its selectivity to the 5-HT 2A serotonin receptor [8] . However, like all antipsychotics, it carries a black box warning for increased risk of death in elderly demented patients [8] . PD and dementia with Lewy bodies (DLB) are heterogeneous disorders with overlapping features related to the presence of Lewy body inclusions. Historically, pimavanserin has been studied in patients with PD psychosis, but the common pathology of PD and DLB suggest potential efficacy of pimavanserin in patients with DLB psychosis.
To date, reports of real-world experience with pimavanserin have been limited by small sample sizes (n = 2 and 15) [9, 10] or limited scope [11] , preventing a meaningful analysis of real-world efficacy and patient characteristics, including PD or DLB diagnosis, presence and severity of dementia, deep brain stimulation (DBS) use, and prior antipsychotic failure. In this retrospective chart review, we sought to evaluate the clinical efficacy of pimavanserin in a larger cohort and describe prescribing patterns, concomitant antipsychotic use, titration strategies, and tolerability in patients with various clinical presentations.
Methods

Chart Review
The study was approved through the Vanderbilt University Medical Center (VUMC) Institutional Review Board, located in the southeast United States. Study data were collected and managed using REDCap electronic data capture tools hosted at VUMC [12] .
Results
Baseline Characteristics
We identified 107 patients who were prescribed pimavanserin by 13 providers at our institution between May 2016 and July 2018 (Fig. 1) . All patients were prescribed the recommended 34 mg daily dosage, though two patients later switched to 17 mg daily or every other day because of adverse effects at 34 mg.
Of the 91 patients who began pimavanserin treatment, most were male (70/91, 77%) and Caucasian (86/91, 95%), with a mean age of 71 years ± 13 ( Table 1 ). Most (71/91, 78%) were diagnosed with PD, while 11 (12%) were diagnosed with DLB, and the remaining nine (10%) carried diagnoses of PD with early cognitive symptoms (n = 7), PD with logopenic aphasia (n = 1), or PD with concern of normal pressure hydrocephalus (n = 1). For analysis, these nine were included in the PD group. Dementia (68/91, 75%) and presence of DBS (27/91, 30%) were common in this cohort. Most patients with dementia had mild to moderate symptoms (52/68, 76.5%), while a smaller proportion (16/68, 23.5%) had severe dementia. In the 91 treated patients, at time of treatment initiation, 40 patients (44%) had only visual hallucinations, while an additional 49 (54%) had both visual hallucinations and delusions. Only two patients (2%) were prescribed pimavanserin to treat delusions without accompanying visual hallucinations.
Two-thirds of patients (58/91, 64%) had persistent psychotic symptoms at the time of pimavanserin prescription despite prior treatment with one or more other antipsychotics. Of those, 90% (52/58) were previously prescribed quetiapine, while 21% (12/58) were prescribed clozapine. Risperidone, haloperidol, asenapine, and olanzapine were each prescribed in three or fewer patients.
Patients prescribed pimavanserin (n=107)
Started pimavanserin (n=91)
Did not start (n= 16) Decision use another antipsychotic (n=6) Death (n=2) Symptoms resolved (n=2) Expense (n=2) Pending insurance approval or EKG (n=3) Other (n=1)
Took pimavanserin longer than 6 weeks* (n=76)
Stopped taking prior to 6 weeks (n=15)
Still taking pimavanserin at current follow-up (n=50)
Stopped taking after 6 weeks (n=26)
Positive response to another antipsychotic?
*includes 1 patient who continued on pimavanserin but had only been on therapy for 4 weeks at time of data collection † includes 1 patient whose caregiver reported both side effects and patient death as reasons for stopping ‡ includes 1 patient who reported stopping both due to side effects and lack of efficacy 
Titration Strategies
We sought to understand how providers advised patients to start pimavanserin treatment, particularly in the setting of past antipsychotic use. Approximately one-third of patients (33/91, 36%) began treatment de novo. For those with previous antipsychotic failure (n = 58), 21 patients (36%) had stopped or were advised to stop their other antipsychotic prior to pimavanserin initiation. Fifteen patients (26%) were advised to taper off their other antipsychotic after starting pimavanserin, and the duration of this taper ranged from 1 week to 3 months. Twenty-two patients (38%) were advised to continue current antipsychotic treatment in addition to pimavanserin.
Response to Pimavanserin
Sixty-nine of the 91 treated patients (76%) had decreased psychosis symptoms after starting pimavanserin therapy. Four of these 69 patients (6%) eventually discontinued pimavanserin because efficacy was not sustained. No statistically significant differences in efficacy were found according to previous antipsychotic use (p = 0.6), DBS status (p = 0.39), presence of any dementia (p = 0.8), or delusions (p = 0.41).
Those with mild-moderate dementia responded no differently than those with severe dementia (p = 0.61), though severe dementia was associated with increased mortality compared to mild-moderate dementia (χ 2 = 5.67, p = 0.02). We found no difference in pimavanserin response in patients with just hallucinations as compared to those with both hallucinations and delusions (p = 0.35); nor did we see a differential response in patients with PD psychosis versus those with DLB psychosis (p = 0.54).
Current Patient Status and Concomitant Antipsychotic Use
At the latest follow-up, 50 patients of the 77 living patients (65%) remain on pimavanserin, with a mean treatment duration of 14.6 ± 6.7 months. The 27 living patients no longer on treatment stopped pimavanserin primarily because of a lack of efficacy (11/77, 14%), side effects (9/77, 12%), or both (1/77, 1%). Six patients (8%) stopped for reasons unrelated to medication effects, including the desire to reduce overall medication burden and negative media reporting on pimavanserin. Two-thirds of patients who remain on pimavanserin (33/50, 66%), as at the latest follow-up, receive pimavanserin monotherapy, and just over half of these monotherapy patients (17/33, 52%) were able to stop use of another antipsychotic. Seventeen patients currently taking pimavanserin (17/50, 34%) are on dual therapy with one or more other antipsychotics [quetiapine = 16 (median daily dose 50 mg); olanzapine = 1 (2.5 mg as needed); clozapine = 1 (daily dose 50 mg)]. Of the patients without prior antipsychotic use who are still taking pimavanserin (20/50, 40%), four (20%) required addition of a second antipsychotic with pimavanserin for adequate control of psychosis.
Those currently on concomitant quetiapine (16/50, 32%) typically dose this at night (10/16, 63%), while several take divided daily doses of quetiapine, but take a higher dose at night (4/16, 25%). This tendency for nighttime dosing appears to be more related to avoidance of daytime sedation than to improvement of nighttime-specific symptoms like increased nocturnal psychosis or insomnia, though this conclusion is based on general impressions of provider documentation. Ten of the patients currently on concomitant pimavanserin and quetiapine (10/16, 63%) required an increase in the quetiapine dose at some point after starting pimavanserin. These doses were increased due to increases in psychosis with disease progression. The average length of pimavanserin therapy in patients on concomitant quetiapine is 16 ± 7.7 months.
Tolerability of Pimavanserin and Mortality Data
Twenty of the 91 treated patients (22%) had adverse effects possibly related to pimavanserin treatment. The most commonly reported adverse effects were worsening gait instability (5/91, 5%), somnolence (3/91, 3%), mild lower extremity edema (2/91, 2%), nausea (2/91, 2%), and nightmares (2/91, 2%). Eleven patients (12%) stopped taking pimavanserin due to adverse effects. One patient who reported sedation was able to tolerate pimavanserin at a lower dose (17 mg daily), with effective reduction in psychosis. Another patient changed dosing to 17 mg every other day because of concern about adverse events as reported in the media, though that patient had not reported any side effects at the original dosage of 34 mg daily. These were the only patients (2/91, 2%) taking doses other than the recommended daily dose of 34 mg.
QTc prolongation is a potential risk of antipsychotic therapy [17] , and one patient (1%) with premorbid heart disease died from suspected cardiac arrest. No other acute cardiac events were reported.
Death occurred in 15% (14/91) of patients started on pimavanserin versus 44% (7/16) of patients prescribed but not started on pimavanserin (χ 2 = 6.94, p < 0.01).
Success Rate with Alternate Antipsychotics
Of the 18 patients (20%) who stopped pimavanserin and tried an alternate antipsychotic, only nine (50%) had success with the alternate therapy (four with quetiapine, four with clozapine, and one with olanzapine). Six of these 18 patients (33%) had been unable to tolerate pimavanserin, out of whom five (83%) had success with another antipsychotic. Eight patients of the 18 who tried an alternate antipsychotic (44%) had stopped pimavanserin because of a complete lack of clinical response, and three of these eight (38%) had success with another antipsychotic. The remaining four patients of the 18 who tried an alternate antipsychotic (22%) are those who had an initial improvement on pimavanserin that was not sustained. Of these, three patients (75%) had success with another antipsychotic. Of the 15 patients who stopped pimavanserin after taking it for less than 6 weeks (recommended time to efficacy), seven (47%) did not try an alternate antipsychotic. Three of those who did try another antipsychotic (3/8, 38%) had success with the alternate agent, while the rest were either unable to tolerate the medication (3/8, 38%) or had no clinical improvement (2/8, 25%).
Non-initiators: Prescribed but Not Filled
For those who did not begin pimavanserin treatment (n = 16), reasons included cost (2/16, 13%), pending insurance approval or delay while waiting for a baseline electrocardiogram (EKG) (3/16, 19%), resolution of symptoms (2/16, 13%), decision to continue or start a different antipsychotic (6/16, 38%), and death (2/16, 13%). One patient did not start pimavanserin because of caregiver concern about side effects, unrelated to negative media reporting. Demographic characteristics, age (71.4 ± 8.1 years), gender, diagnosis, and reported psychiatric symptoms were similar to those patients who did begin pimavanserin treatment.
Discussion
This is the largest study to date assessing the real-world clinical efficacy of pimavanserin for PD-related psychosis, and we also considered other important clinical characteristics. Our findings are consistent with controlled trials and smaller case reports, as pimavanserin was tolerated and effective in reducing psychotic symptoms in most patients. Efficacy was similar regardless of diagnosis, presence of dementia, DBS use, or prior antipsychotic exposure and response.
General Efficacy
As reported in recent case series of pimavanserin, despite incomplete resolution of psychosis, the clinical improvements support its continued use [9] . In this chart review, one patient was so pleased with his response he reported that taking pimavanserin was "like waving a magic wand." A caregiver for a different patient reported that she "wouldn't want to go without it" because improvement in her husband's psychosis was so striking. This improvement is consistent with data from the pivotal study in PD psychosis where reduction in psychotic symptoms was clinically meaningful, and complete resolution of psychosis was not the primary study aim [13] . Clinically, these improvements can be satisfying to the provider, caregiver, and patient.
Efficacy of Pimavanserin in Patients with Dementia and DBS
Psychosis is more common in patients with dementia and is also a risk factor for the development of dementia [18] [19] [20] [21] [22] [23] [24] . Clinical trials for pimavanserin did not explicitly exclude patients on the basis of a diagnosis of dementia, but required a Mini Mental State Examination (MMSE) cut-off score of > 21 for inclusion [13] . In our experience, we find equivalent efficacy for improvement in psychosis regardless of the presence and severity of dementia, suggesting that pimavanserin can be an effective treatment of psychosis in patients with DLB and PD dementia. Future trials in DLB and PD dementia are needed to test this hypothesis. While the pivotal study included ten patients with DBS, it did not explicitly test for response differences in this subset [13] . We find similar efficacy in a larger sample (n = 27) of patients with DBS, suggesting that pimavanserin can be effective in these patients.
Safety/Mortality
The most common adverse effect seen in our cohort was gait instability. This is consistent with previous experience, where falls were more frequently seen in pimavanserin (11%) versus the placebo (9%) arm [13] . As noted, we did not see increased mortality rates in the group that started pimavanserin compared to those who did not start the medication. There has been recent discussion on whether patients taking pimavanserin carry a higher mortality risk [25] , and our real-world data does not support this assertion, in keeping with other real-world reports [11] . However, this retrospective study was not powered to make claims on mortality risk with pimavanserin, and we report our clinical findings with this important caveat. Of note, two patients in our cohort chose to self-discontinue or reduce their dose of pimavanserin because of negative media reporting, despite symptomatic improvement with pimavanserin and no reported side effects. Hallucinations or visual disturbance recurred for both patients.
We believe that due to the increased incidence of psychosis in later stages of PD, patients starting pimavanserin are likely older, with more medical comorbidities and a greater likelihood of mortality. Accounting for other variables like swallowing difficulty, falls, and rates of pneumonia and urinary tract infections may negate the mortality signal reported in the general media. Such factors may have similarly affected the mortality rate in our pimavanserin non-starter group; thus we again advise caution in interpreting the clinical significance of group mortality comparisons in the present study.
Concomitant Antipsychotic Use and Recommendations
Our finding that many patients tolerate concomitant quetiapine with pimavanserin is consistent with previous reports, where 17% of patients were exposed to quetiapine within 3 weeks prior to their baseline visit [13] . We propose that pimavanserin is a reasonable first-line treatment for PD or DLB psychosis, and it appears that quetiapine can be added subsequently, at the lowest possible dose, for treatment resistant, residual, or newly emergent psychotic symptoms. There appears to be a substantial proportion of patients who have psychosis symptoms that are difficult to treat. About one-third of our patients currently taking pimavanserin require multiple antipsychotics for adequate control of symptoms (17/50, 34%), and future studies should explore clinical features that predict treatment response. It is possible that higher dosages of pimavanserin may be useful, but our cohort did not go above the 34 mg daily dosage.
Limitations
Limitations of this study include its retrospective design and reliance on prescriber documentation of treatment efficacy and outcomes. The 13 providers who prescribed and documented clinical follow-up did not use a singular outcome measure, such as Clinical Global Impression (CGI). Thus, we relied on documented clinical impressions based on provider reports. Another important limitation is potential selection bias; those patients who have not tried pimavanserin because of adequate response to other antipsychotics were not included. This leaves out a cohort of patients on other antipsychotics who might (1) have better or equal response to pimavanserin or (2) not respond to pimavanserin. Another limitation is the small size of our "non-starter" group, which we used as a control group for comparison in analysis. Additionally, our sample lacks diversity in terms of gender and race. We also could not ascertain differences related to specific types of psychotic symptoms beyond classification of hallucinations and delusions (e.g., tactile versus visual hallucinations and delusional misidentifications). Variations in neurobiological determinants of psychotic symptoms [26, 27] could account for a differential response to pimavanserin; thus future prospective studies should differentiate between types of psychosis. Another important limitation of our study was precise classification of dementia severity. Our definition of dementia was consistent with prior studies, but because of inconsistencies in the documentation noted above, we could only separate the most severely demented patients from other, less demented patients for analysis. We would have preferred to differentiate between mild cognitive impairment and mild, moderate, and severe dementia, as distinctions in clinical presentation of these patients are relevant to providers making treatment decisions. However, because we did not see differences in efficacy in patients with and without dementia, nor with mild-moderate versus severe dementia, we do not suspect that our results would have changed were we able to make this distinction. This assertion would be best confirmed in a prospective study using the same, validated tool to measure cognitive function in each patient.
Conclusions
In conclusion, we describe clinical efficacy of pimavanserin in PD-related psychosis in a large (n = 91) sample of patients from a tertiary referral academic medical center. Our results are consistent with those reported in clinical trial experience [13] . Most patients tolerated and reported clinical improvement on pimavanserin, regardless of diagnosis (PD versus DLB), prior antipsychotic use, dementia, and DBS status. Although the majority of patients remain on pimavanserin monotherapy, many patients responded well to dual therapy with pimavanserin and quetiapine. Finally, half of patients with no clinical response to pimavanserin after 6 weeks also responded poorly to subsequent trials of other antipsychotic medications (3/6, 50%), suggesting a group of medically refractory patients that may have a different underlying biological substrate. Based on these data, we recommend pimavanserin as first-line treatment for PD-related psychosis because of the excellent efficacy and tolerability observed in our patients.
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